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hours alter the appearance 01 the rash. The very doubtful 1 
negative results are considered as having occurred when the 
blood was withdrawn during the second day of the rash. Well 
marked febrile tions with an exanthem were obtained not 
only by the injection of serum, but also with very thoroughly 
washed red cells Three species of monkeys were found sus 


eptible to inoculation with bloi d, name ly, Macacus rhesus, M 


71. ANC ا‎ 000۰۶ 

Nicolle and Conseil? report the transmission of measles to 
١ monkey (M. sinicus) Chey 11 ted one animal with blood 
taken from a patient 24 hours before the ippearance of the 
eruptior iter an Incubation period of nine da a slight 
elevation of temperature occurred unaccompanied by any other 
svmpton 

H K TO 11 Eou studie | the leucopi 1111 und uso the 


mperature reaction 1 M. rhesus I'wo of three animals that 


vere noculated shower 1 transient rise in temperatur a 
pronounced dre p in the white unt was noted on ıe sixth 
1 me and on the ninth in the other, the 1۱:۷ a pel 

ting somewha rrecular! or severa Lay Differential 


punts showed i\e leucopenia to be due pi neipal v to a drop 


n the polymorphonuclear cell One animal apparent! 


became ill on the 12t lay and on the 15th a maculopapula 
eruption ippea | and persisted for several 1V8. No Kopli 
spots were seen The development of a le ucopeenia in M. rhesu: 
liter the inoculation Ol 14 loot las been nlirmed 
Tunnich ff 
Hektoen and Eggers interpr this leucopœenia asg licating 
reaction to the us oi measles Chew esults ta n il 


onjunction with Anderson and Goldberger’s rk lead them 


to conclude that monkevs develop a mild nd of measles when 
jected WIth DIOO‘ i M pat ent Lake soon ter the rash 
18 appeared 
Lucas and P ; se Lett ise OL measies | 1 ا‎ ahd 
oculated two monke\ with blo0( aken 8 hours befi 
he appearance of the ish hese monkeys developed a 
ansient erythema oi ıe face, a leucopænia and Kopl spots. 
These spots appeared on the 10th day after inoculation, but 
untortunate! the eriod of thei uration was not recorded 
[t is not stated whether isolated spots wert found or whether 


t MCAL € lu ters oceurred Ne evr le 1 ictions were 39 ned 
und the temperature of these animals was not reported. Un- 
ortunately, these 1111111215 died about two weeks after inocula- 
tion from an ntereurrent niection of unknown tiolog, 


Several uninoculated control monkeys also died 


Measles, though usually a mild disease in itself, often leads 
to serious onsequences ; its invol ement of the upper respira 


tory tract frequently facilitates the invasion of the lungs by 


the ha molvti streptoc oecus or the pneumococcus The 
resulting pneumonia has attracted considerable attention of 
late Control of the hemolvtic streptococcal infections by 


١ difficult problem. A 
possible departure from this line of approach consists 11 


specific vaccines or serum therap) 


the prevention of measles itself by the development of a 
rophylactic inoculation. The clinical features of the disease 
cate the existence of an excellent theoretical basis for the 
development of a protective 4 ulation One attack of measies 
confers a high degree of immunity, and the virulence of the 
causative organism is naturally so low that per se it does not 
produce fatal effects in man under ordinary conditions. The 
crucial problem is whether the virus of measles can be still 
1 wr attenuated in such a manner that it would be suitable 
for prophylactic purposes. 
On the recommendation of Colonel Frederick F. Russell 


the problem of prophylactic inoculation against measles is 


being investigated. Unfortunately, the causative organism of 
the disease is not known. A variety of bacteria have been 
ltivated from the blood and the mucous exudates of patients, 
but evidence of the etiologic importance of these organisms 
has Oft elI produce d I} has rene rall been consider d that 
Hektoen,' by inoculations into man, has established the ex 
istene f the virus of measles in the circulating blood at least 
lur ne € rst dav after the rash appears Four ۲۱0111078 01 
We of 1 ported on ٦ ight evidence that 091 
are susceptible to the disease These meager data constitute 
th sential Teatures ) the experimental W rk that has bee! 
0 ( 1 on 4 isl S 
Review of Literatur In attempting the attenuation of 
the virus of measles. one of the irst points obviously 1-11 
eterm ne tie susceptibility ( ower animals. Important 
svinptoms have been attributed to the inoculation of the blood 
of isle patients into monkeys. Compiling the effects 
note various workers we have the following 


: 


(1) Fever, (2) rash, (3) Koplik spots, (4) leucopeenia, 

») rhinitis and (6) malaise. Of these symptoms Anderson 
Goldberger” noted especially the development of fever 
ompanied frequently by a rash, by coryza, rhinitis and 
malaise Very significant or clearly marked results were 


reported for all monkeys injected with the blood taken from 


unquestionably earl cases of measles 


within from 12 to 24 
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that each individual was examined at least three times. As 


regards tuber ulos ittention was given to the history, th 
physical examination and the X-ray findings in the chest 


In considering the inoculation of a human subject precau 


t s were taken ara micre rvanisms that might secon- 
daril livade the loot t I measles patients It 
necessary to avoid the possibility of carrying any such micro 


organisms from the measles patients over to the monkeys and 


back agai to a human subject. In making blood cultures 
in cases of measles, Tunnicliff* found a very considerable 
ariety of bacteria. Thess ondary invaders appeared in 
the blood strean yan extent even greater than that occurring 
n scarlet fever. Theref we have made cultures on all 


ecimens of blood inoculated into the monkeys. 

Cultures were made aérobicallv in flasks of hvdrocele meat 

fusion broth without sugar and also anaérobically according 
to the techn que used by Plotz® in his work on typhus fever 
For the anaérobic cultu , a few cubic centimeters O! vare 

e fluid in ordinary test-tubes were inoculated with varving 
mounts of blood and the tubes filled with 2 per cent glucose 
meat infusion agar of a reaction to phenolphthalein cor- 

sponding to from 0.2 to 0.5 per cent of normal acid. Cul- 
tures were not discarded till after one month’s incubation 
Except for two contaminating colonies, no growth was ob 
tained in seven cases cultured during the first day after the 
rash appeared. One of these patients was recultured during 
the second day of the rash with negative results. With a 
similar technique, Plotz also failed to obtain any growth 
from the blood of measles patients, studied as controls fot 
his work on typhus fever 

Results of the Inoculation of Monkeys.—Two adult monkevs 
were inoculated intraperitonea ach from a different case of 
measles. Neither of these animals developed any symptoms 
that were diagnostic of the disease or that furnished any guide 
as to the most appropriate time for reijection into a sus 
eptible subject. It has been found that monkeys which fail 
to react to an injection of typhus blood may frequently 


respond to a subsequent injection; these two animals were 
therefore reinjected imntraperiton all with measles blood 
\t the same time a third normal monkey was also injected 
In order to increase the opportunity for infection, these ani 


mals were injected every dav for three successive days, each 
jection being made from fresh cases of measles. 

On the first day, the normal monkey was injected into the 
heart and into the peritoneal cavity; all other injections of 
this and the other two animals were made intraperitoneally 
Intracerebral inoculations were not used on account of the pos- 
sible interference with the temperature reactions. There is no 
logical foundation for them in measles, and according to 
Anderson and Goldberger’s results this method apparently 
possesses no superiority over intraperitoneal injection. 

These monkeys were observed for a period of three and a 
half weeks after the last inoculation. No symptoms de- 
veloped which differed in any essential way from changes 


* Personal communication. 
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It is evident, then, that these studies are not very con 
clusive; the blood counts under these circumstances are 
particularly unreliable. Lucas and Prizer conclude that these 
mo ; were undoubtedly infected with measle 

Anderson and Goldberger, Hektoen and Eggers, Lucas and 
Prizer, report the successful passa of t virus of measles 
from monkey to monkey by the inoculation of blood. Ander- 
son and Goldberget report six success assages without ny 
change in virulence. Nicolle and Conseil attempted on one 
occasion to subinoculate from one monkey to another but 
without success 

Outline of Work.—In the following experiments, monkeys 


1 } F f 
( M. rhesu were inoculated irom cases o nie es occu 
il in adults 20 to JV Vears í re. Blood w is thre miy 


material used for inoculation, and 11 all cases it was with 
drawn within the first 24 hours afte the appearan of the 


rash. It was either defibrinated or collected in sodium citrate 


solution prepared in physiological saline In some instances 
it was diluted with several parts of salt solution, according to 
the recommendations of Ricketts and Wild for the trans- 


mission. of typhus to monkeys and also according to Hektoen 
and | veers’ work on measles Observations on the inoculated 
animals were made each day about the middle of the fore- 
noon, especial attention being given to the body temperature 
and the leucocyte count The room temperature was also 
recorded, because, under normal conditions, the temperature 
of monkeys fluctuates somewhat. The buccal mucous mem- 
branes were examined from time to time for the appearance 
of Koplik spots. Excellent housing conditions were available 
for the animals, thereby avoiding any difficulty from the 
spontaneous development of rhinitis or coryza du nge the 
incubation period 

In order to test out any doubtful symptoms occurring in the 
inoculated monkeys, arrangements were made to inject blood 
from them into a susceptible human voluntes In the sele 
tion of a human subject two points were given espet ial con 
sideration, namely (1) assurance that the individual had 
never had a recognizable attack of measles, and (2) rejec 
tion of any individuals harboring pathogenic organisms in the 
respiratory passages. 

It was found that very little dependence could be placed 
on the statement of even the educated adult that he had never 
had measles. Those men who could not remember an attack 
of the disease were asked to confer with their family; only 
those were accepted in whom there was no suspicion of an 
attack of either measles or rubella. 

In addition to the routine physical examination, special care 
was taken to insure that the tonsils and sinuses were in good 
condition In the case of enlarged tonsils, the hemolyti 
streptococcus may occur in the crypts even when the surface 
of the gland is free from pathogenic bacteria. 

Bacteriological examinations were made primarily for the 
hemolytic streptococcus and pneumococcus. Examinations 
were also made for the meningococcus, the diphtheria and the 
influenza bacillus. Cultures were made over a period of from 


two to three weeks at intervals of from five to seven days, so 
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dividual animals it would appear that the results are too 
inconstant and indefinite to permit the practical use of this 
animal. Some more accurate means for the diagnosis of 
measles must be obtained before it can be clearly established 
that the monkey is, at times, infected by the injection of blood 
from early cases. It is conceivable that infection of this 
species with measles might be obtained in some other manner ; 
for example, by scarifying the mucous membranes with the 
virus using perhaps the secretions from the respiratory tract 
instead of the blood of patients. 

Anderson and Goldberger report that the injection into 
monkeys not only of bood serum, but also of very thoroughly 
washed corpuscles produced a well-marked reaction with an 
exanthem. This result suggests that the virus of measles 
occurs in the red cells as well as in the serum, since in the 
typical bacteriemias the organisms adhering to washed cor 
puscles would hardly be sufficient to infect a distinctly refrac 
tory animal However, there is rood evidence that all of 
the diseases known to be caused by typical protozoan para- 
sites of the red cells are transmitted by insects, whereas drop 
let infection constitutes the usual mode of propagation in 
measles. This apparently equal distribution of the virus of 
measles between the red cells and the serum is difficult to 
explain. 

SUMMARY 


1. Three monkeys were inoculated with the blood of measles 
patients taken early in the course of the disease from moder 
ately severe cases. These animals remained entirely free 
from any symptoms that were either diagnostic or even 
suggestive of measles. Two of these animals that were 
injected a second time failed to develop any symptoms 
2. After an incubation period of 11 days blood was taken 
from one of these monkevs and njected into a human 
volunteer No symptoms developed 


PROTOCOLS 


The follow data give the details concerning the injec 


tion of these monkeys; the record of their temperatures 
ind white counts is given in full in order to provide the 
data on which we have based the interpretations given in the 
text. ‘The temperature charts of the measles patients are 
viven in order to show the stage of the febrile period at 
which the blood was withdrawn. This information as well 
as the statements concerning the time of appearance of 
the rash furnishes an indication of the period of the disease 
it which the subinoculations were made 

Monkey I was kept under observation for one week. Ten 
ubie centimeters of blood were taken from a case of measles 
(Patient A) 18 hours after the first appearance of the rash 
This blood was diluted with 40 « of physiological saline, 
then defibrinated and injected intraperitoneally. Chart I 
shows the temperature and white blood count of this animal. 
The temperature chart of the patient (Chart IV) shows 
that the blood was taken before the infection had begun 


to decline. 


| 
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hat were noted during control periods of observation. The 
temperature curves remained entirely normal. The white 
counts fluctuated considerably and occasionally would drop 
for a single day, but there was no leucopenia that was sus- 
tained even for a short period. The temperature of Monkey 
[ was somewhat elevated on the 15th and 16th days after 
the second series of inoculation, but the leucocyte count rose 
also at this time. In no case did we obtain the combination of a 
high temperature accompanied by a leucopenia. Another 
monkey (IL) developed a pronounced erythema with a few 
macules 10 days after inoculation, but this was hardly as 
marked as a similar rash which appeared in this animal one 
week before injection. It was not preceded nor accompanied 
by Koplik spots. The continued absence of lesions in the 
rather delicate mucous membrane would seem to militate 
against interpreting the skin eruption as due to measles. 
This same criticism applies to the rash without Koplik spots 
observed by Hektoen and Eggers. 

Neithe! 
in the skin or mucous membranes. 
tirely free from conjunctivitis, rhinitis and coryza. There 


of the other two monkeys developed any lesions 
\ll three remained en 


was no loss of appetite and no evidence of malaise. 
Notwithstanding the negative results in these animals it 

is theoretically possible that the virus may have persisted 

\ccord 


ingly, the monkey (IIT) which had not previously been in- 


and even multiplied without producing symptoms. 
jected with measles was bled on the 11th day after the first 
of the three successive injections; after defibrination 3.5. « 

of this blood was injected at once subcutaneously Into a 
human volunteer. No symptoms developed. Anaérobie cul- 
tures of this blood showed no vrowth. Although this sub- 
ject apparently never had measles, it is possible that he may 
have had an attack so mild as to be unrecognized yet sufficient 
to produce immunity. In order to obtain final proof that 
this specimen of blood did not contain the virus of measles 
it would he necessary to establish the susceptibility of this 
individual to measles. It is not justifiable to obtain such 
proof experimentally in view of the entirely negative results 
obtained in the monkeys. 

On the basis of Hektoen’s strik results it was assumed 
that the subcutaneous injection of a small amount of blood 
containing the virus of measles would reproduce the disease 
in man. In another series of investigations on prophylactic 
inoculation, a very unexpected result was obtained. One 
half c. c. of serum from a fresh case of measles was inoculated 
subcutaneously without delay into an apparently susceptible 
individual; this quantity is several times larger than that 
used by Hektoen. This subject remained entirely free from 
any symptoms of the disease. This result in man casts a 
little additional doubt on the transmission of measles to mon- 
keys by the inoculation of blood. 

Discussion. 
for the virus of measles, it would seem that trustworthy 
progress cannot be made by the inoculation of monkeys. 


Even though slight symptoms do develop in occasional in- 


In the investigation of the circulating blood 
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the period before injection. Since this time it has fluctuated 
considerably. At present, two months after the last injec- 
tion, it is more marked than at any time during the incuba- 
tion periods. Twelve days after the first injection of blood 
this monkey received injections of measles blood on three 
successive days ; these injections were exact duplicates of those 
just recorded for Monkey I, the same specimens of blood being 
used 

Monkey III. This animal, a young adult, was given a 
series of three injections simultaneously with Monkeys I and 
II. The same specimens of blood were employed though 
the details were different Che injection on the first day 
consisted of 8 c. e. of the mixture of citrated blood injected 
into the heart and 12 c. c. intraperitoneally. On the second 
and third days 30 e. c. of the defibrinated mixtures were 
riven intraperitoneall 
recorded in Chart III 


I'he sults in this monkey are 
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THE INTRAVENOUS INFUSION 


BICARBONATE 
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Sixteen days after this injection, this animal was reinocu- 
lated with measles blood taken from a patient (C) within 
from four to six hours after the rash had appeared. The 
blood was mixed with an equal part of 2 per cent sodium 
citrate in physiological saline. Of this mixture 15 c. c. were 
injected intraperitoneally. On the following day, 24 hours 
later, another Injection was made with blood taken from a 
patient (D) 12 hours after the appearance of the rash. This 
specimen of blood was diluted with an equal part of physio- 
logical saline and defibrinated ; 20 e. c. of this defibrinated mix 
ture were injected intraperitoneal] After another interval of 
24 hours a final injection was made with the blood of Patient 
E, taken not later than 12 hours after the rash had appeared. 
One part of blood was mixed with two parts of physiological 
saline and 20 c. c. of the defibrinated mixture were injected 
intraperitoneally. The effeet of these injections is given in 
Chart I. The temperature charts of these patients are also 
en, (Chart IV.) 

Monkey II was kept under observation for 10 days. Blood 
for injection was taken from Patient B within from 6 to 


12 hours after the first appearance of the rash. The specimen 


was mixed with an equal part of physiolo 4 cal saline and 
20 c, of the defibrinated mixture were injected intraperi 
t i ri white blood counts and temperatur ۱٢ this 
anımal a iven in Chart [I Che temperatu of the patient 
is recorded in Chart IV efore injection unimal had 
ima t erythema over the face and eyebrow a lew acules 

e also pre t Th rash faded durine the st week of 
the incubation period, but increased somewhat 10 davs after 
inoculation, though its intensity was not so great as during 
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blood. She was admitted to the hospital about noon. At this 
time she was vomiting dark colored material, and was very dull 
and drowsy. 

Physical Examination.—Nothing abnormal was made out aside 
from tenderness and slight muscle spasm in the upper abdomen. 
The throat was red, but otherwise it showed nothing. All of the 
deep reflexes were nurmally active. No stigmata of rachitis could 
be found. Weight, 130 pound Mercury was recovered from the 
urine, feces, and vomitus. 

Blood Examination.—W. B. ( 19,000 R. B. C., 5,624,000. 
Hemoglobin (Sahli), 90 per cent. Differential blood count normal. 
The Wassermann test was negative 

Course in the Hospital.—From the time of her admission the 
patient passed blood in her urine and stools. The usual energetic 
measures were taken to secure a large fluid intake and to elimi- 
nate the mercury 

On March 9 she became totally anuric and continued so until 
her death. On this day the plasma bicarbonate capacity (Van 
Slyke) was 45 volumes per cent, and the carbon dioxide tension 
of the alveolar air (Marriott) was 28 mm. of mercury. She was 


By GEORGE 


(From the Medical Clinic 


Many drugs and chemicals have been mentioned as causin 
tetany in adults. Following Frankl-Hochwart, it has been 
customa o classify all these conditions in one group, as due 


to toxins or poisons. The clinical history of a patient witl 
tetany which was produced, or at least precipitated, by intra 
venous infusions of sodium bicarbonate follows 


L. H Medical No 9293. Colored Aged 22 Domestic. Ad 
mitted, March 8, 1918. Died, March 18, 1918 P 

The family and past history were unimportant, except that the 
patient remembered no previous attacks which in any way sug- 
gested tetany, and the members of her family corroborated her 
statement. 

Present Illness.—At 7.30 a. m. on the day of admission, before 
she had taken any food, she swallowed two 7%-grain tablets of 
bichloride of mercury, dissolved in a glass of water. Shortly 
afterward she vomited, and within an hour commenced to vomit 


' Frankl-Hochwart: Die Tetanie der Erwachsenen, Leipzig, 1907. 


